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DESCRIPTION
The PCF8577 is a single-chip, silicon- 
gate CMOS circuit. It is designed to drive 
liquid crystal displays with up to 32 
segments directly, or 64 segments in a 
duplex manner.

The two-line l2C bus interface substan
tially reduces wiring overheads in remote 
display applications. Bus traffic is mini
mized in multiple 1C applications by auto
matic address incrementing, hardware 
sub-addressing, and display memory 
switching (direct drive mode).

ORDERING INFORMATION

FEATURES
• Direct-/duplex-drive modes with 

up to 32-/64-segment LCD drive 
capability per device

• Operating supply voltage: 2.5 to 
9V

• Low power consumption
• l2C bus interface
• Optimized pinning for single 

plane wiring
• Single-pin built-in oscillator
• Auto-incremented loading across 

device sub-address boundaries
• Display memory switching in 

direct-drive mode
• May be used for l2C bus output 

expander
• System expansion up to 256 

segments
• Power-on reset sets all segments 

off (to blank)

APPLICATIONS
• Telephony
• Car dashboards
• General instrumentation

PIN CONFIGURATION

N, D Packages

S32 (T 4(jl SOA
S31 [7 39j SCL
S30 [7 H  Vss
S29 \± 37] AO/OSC
S28 [T ID A1
S27 [6 H  VDD
S26(T 34] A2/BP2
S25 GE 33j BP1
S24 [j9 32l $1
S23 GO 13 S2
S22 E HJ S3
S21 01 HI S4
S20QI HI SS
S19 GI 27j S6
818 01 2§jJ S7
S17 01 HI S8
S16 Q7 13 S9
S15 01 1  S10
S14 E HI sn
S13ll> 13 S12

CD12160S
PIN NO. SYMBOL DESCRIPTION

Supply
35 Vdd Positive supply
38 Vss Negative supply

l2C bus
40 SDA l2C bus data line
39 SCL l2C bus clock line

Inputs
36 A1 Hardware address line
37 AO/OSC Hardware address line/oscillator 

pin

Outputs
1 -3 2 S1 -  S32 Segment outputs

Input -  Output
34 A2/BP2 Hardware address line/cascade 

sync input/backplane output
33 BP1 Cascade sync input/backplane

output

DESCRIPTION TEMPERATURE RANGE ORDER CODE

40-Pin Plastic DIP (SOT-129) -40°C to +85°C PCF8577PN

40-Pin Plastic SO 
(VSO-40; SOT-158A) -40°C to + 85°C PCF8577TD
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BLOCK DIAGRAM

BD08340S

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT

v DD Supply voltage range -0.5 to 11 V

V, Voltage on any pin Vss ~ 0.8 to 
V d d  + 0.8

V

± ll DC input current 20 mA

± lo DC output current 25 mA

± bD. 
•ss

Vqd or Vss current 50 mA

Ptot Power dissipation per package 5001 mW

Pd Power dissipation per output 100 mW

t a Operating ambient temperature range -40  to +85 °C

t stg Storage temperature range -65  to +150 °C

NOTE:
1. Derate 7.7mW/°C when TA > 60°C.
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DC AND AC ELECTRICAL CHARACTERISTICS VDD « 2.5 to 9V; Vss = OV; TA = -40°C  to + 85°C, unless otherwise
specified.

SYMBOL PARAMETER
LIMITS

UNIT
Min Typ Max

Vdd Supply voltage 2.5 9.0 V

•dd Supply current at fs cL 32100kHz, no load, Rose -  1 250 PA

Vref Power-on reset level1 0.9 1.3 2.0 V

Input SCL; input/output SDA
V|L input voltage Low 0 0.8 V
V|H input voltage High 2.0 9.0 V
•OL output current Low at Vol = 0.4V 3.0 mA
•OH output leakage current High at Voh = Vdd 100 nA
tsw tolerable spike width on bus 100 ns
C| input capacitance at V t = Vss 7 PF

l| A1 input leakage current at V| = Vss or v dd 100 nA

l| A2/BP2 input current at V| = Vqd 5.0 mA

AO/OSC input current at V| = Vss or v dd 5.0 luA

+ V b p DC component of LCD driver 20 mV

Qsx
Rsx

Segment loads 1
5 nF

M ft

•oL Segment output current at Vol = 0.4V; Vdd = 5V 0.3 mA

-lOH Segment output current at Voh = Vdd -  0.4V; Vdd ■ 5V 0.3 mA

C Bp
R b p

Backplane load (direct drive) 100 50 nF
kft

C b p

R b p
Backplane loads (duplex drive) 100

35 nF
kft

tR, tp Rise and fall times (VBp -V sx ) at maximum load 200 tis

L̂CD Display frequency at Cose = 680pF; Rose = 1 65 90 120 Hz

NOTE:
1. The power-on reset circuit resets the l2C bus logic with Vdd < Vref-
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-

-CONTROL REGISTER -
'DISPLAY
CONTROL SEGMENT BYTE VECTOR (SBV)

r!SEGMENT BYTE REGISTERS—

Figure t. PCF8577 Register Organization

FUNCTIONAL DESCRIPTION 
Hardware Sub-Address AO, A1, 
A2
The hardware sub-address lines AO, A1, A2 
are used to program the device sub-address 
for each PCF8577 on the bus. Lines AO and 
A2 are shared with OSC and BP2, respective
ly, to reduce pinout requirements.

AO/OSC Line AO is defined as Low (logic 0) 
when this pin is used for the local 
oscillator or when connected to 
Vss- Line AO is defined as High 
(logic 1) when connected to Vdd-

A1 Line A1 must be defined as Low 
(logic 0) or as High (logic 1) by 
connection to Vss or VDD, respec
tively.

A2/BP2 In the direct drive mode, the sec
ond backplane signal BP2 is not 
used and the A2/BP2 pin is exclu
sively the A2 input. Line A2 is 
defined as Low (logic 0) when con
nected to Vss on if this is not 
possible, by leaving it unconnected 
(internal pull-down). Line A2 is de
fined as High (logic 1) when con
nected to Vdd-

In the duplex drive mode, the second back
plane signal BP2 is required, and the A2 
signal is undefined. In this mode, device 
selection is made exclusively from lines AO 
and A1.

Oscillator AO/OSC
The PCF8577 has a single-pin built-in oscilla
tor which provides the modulation for the LCD 
segment driver outputs. One external resistor 
and one external capacitor are connected to 
the AO/OSC pin to form the oscillator. In an 
expanded system containing more than one 
PCF8577, the backplane signals are usually 
common to all devices and only one oscillator 
is needed. The devices which are not used 
for the oscillator are put into the expansion 
mode by connecting the AO/OSC pin to either 
Vqd or Vss depending on the required state 
for AO. In the expansion mode, each 
PCF8577 is synchronized from the backplane 
signal(s).

User-Accessible Registers
There are nine user-accessible 1-byte regis
ters. The first is a control register which is 
used to control the loading of data into the 
segment byte registers and to select display 
options. The other eight are segment byte 
registers, split into two banks of storage, 
which store the segment data. The set of 
even-numbered segment byte registers is 
called BANK A. Odd-numbered segment byte 
registers are called BANK B.

All PCF8577 have the same slave address 
(see Figure 12). All devices load the second 
byte into the control register, and each device 
maintains an identical copy of the control byte 
in the control register at all times (see l2C bus 
protocol Figure 13).

The control register is shown in more detail in 
Figure 1. The least-significant bits select 
which device and which segment byte regis
ter are loaded next. This part of the register is 
therefore called the Segment Byte Vector 
(SBV).

The upper three bits of the SBV (V5 to V3) 
are compared with the hardware sub-address 
input signals A2, A1, and AO. If they are the 
same, then the device is enabled for loading; 
if not, the device ignores incoming data but 
remains active.

The three least-significant bits of the SBV (V2 
to VO) address one of the segment byte 
registers within the enabled chip for loading 
segment data.

The control register also has two display 
control bits. These bits are named MODE and 
BANK. The MODE bit selects whether the 
display outputs are configured for direct- or 
duplex-drive displays. The BANK bit allows 
the user to display BANK A or BANK B.

Auto-Incremented Loading
After each segment byte is loaded, the SBV is 
incremented automatically, thus auto-incre
mented loading occurs if more than one 
segment byte is received in a data transfer.

Since the SBV addresses both device and 
segment registers, auto-incremented loading 
may proceed across device boundaries pro
vided that the hardware sub-addresses are 
arranged contiguously.
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Direct-Drive Mode
The PCF8577 is set to the direct-drive mode 
by loading the MODE control bit with logic 0. 
In this mode, only four bytes are needed to 
store the data for the 32 segment drivers. 
Setting the BANK bit to logic 0 selects even 
bytes (BANK A); setting the BANK bit to logic 
1 selects odd bytes (BANK B).

In the direct-drive mode, the SBV is auto- 
incremented by two after the loading of each 
segment byte register. This means that auto- 
incremented loading of BANK A or BANK B is 
possible. Either bank may be completely or 
partially loaded regardless of which bank is 
being displayed. Direct-drive output wave
forms are shown in Figure 2.

Duplex Mode
The PCF8577 is set to the duplex mode by 
loading the MODE bit with logic 1. In this 
mode, a second backplane signal (BP2) is 
needed and pin A2/BP2 is used for this; 
therefore, A2 and its equivalent SBV Bit V5 
are undefined. The SBV auto-increments by 
one between loaded bytes.

All of the segment bytes are needed to store 
data for the 32 segment drivers and the 
BANK bit is ignored.

Duplex mode output waveforms are shown in 
Figure 3.

CHARACTERISTICS OF THE l2C 
BUS
The l2C bus is for 2-way, 2-line communica
tion between different ICs or modules. The 
two lines are a serial data line (SDA) and a 
serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy.

Bit Transfer
One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the High period of the clock 
pulse as changes in the data line at this time 
will be interpreted as control signals.

WF18921S

NOTES:
Von * Vqd- Vss 
V0 ff = 0

Figure 2. Direct-Drive Mode Display Output Waveforms

OFF/OFF VDD--------
0-5 (VDD - Vgg)---- -j—I L

ON/OFF OFF/ON

r 'H
ON/ON

BP1
VD0-----------

0.5(VDD. Vss)---- - - J L
vss----- *—* i / 1

BP2

; : _ j  l U " n _ “ U
SEGMENT X

(SX)

2(VD0-VSs) - T L | j -

A

i / / I

BP1-SX

BP2-SX
j-H-l

----  ̂ ^  -̂----
WF1093OS

NOTES:
VON = 0.79 (Vod-Vss)
VoFF = 0.35 (Vdd-Vss)
VoN oo*----= 2.26
VOFF

Figure 3. Duplex Mode Display Output Waveforms
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Start and Stop Conditions
Both data and clock lines remain High when 
the bus is not busy. A High-to-Low transition 
of the data line while the clock is High is 
defined as the start condition (S). A Low-to- 
High transition of the data line while the clock 
is High is defined as the stop condition (P).

System Configuration
A device generating a message is a "trans
mitter"; a device receiving a message is the 
"receiver". The device that controls the mes
sage is the "master" and the devices which 
are contro lled by the master are the 
"slaves".

M C LK  ^  ^  yn<___________________________________ n ........................ / A
U —  «h a - ----------- 1

Ao-A,2 \ [  AD D R ESS  0 ) {  FIRST N O N -ZER O  A D D R ESS  jC

l

I
INTO. 1.
AN D  2

Figure 6. System Configuration

. J

L e g e n d :  h i g h  z  s t a t e

WF14590S

Acknowledge
The number of data bytes transferred be
tween the start and stop conditions from 
transmitter to receiver is not limited. Each 
byte is followed by one acknowledge bit. The 
acknowledge bit is a High level put on the bus 
by the transmitter, whereas the master gener
ates an extra acknowledge-related clock 
pulse. A slave receiver which is addressed 
must generate an acknowledge after the 
reception of each byte. Also, a master must 
generate an acknowledge after the reception 
of each byte that has been clocked out of the 
slave transmitter. The device that acknowl
edges has to pull down the SDA line during 
the acknowledge clock pulse, so that the 
SDA line is stable Low during the High period 
of the acknowledge-related clock pulse. Set
up and hold times must also be taken into 
account. A master receiver must signal an 
end of data to the transmitter by not generat
ing an acknowledge on the last byte that has 
been clocked out of the slave. In this event, 
the transmitter must leave the data line High 
to enable the master to generate a stop 
condition.
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Timing Specifications
Masters generate a bus clock with a maxi
mum frequency of 100kHz. Detailed timing is 
shown in Figure 8.

Where:
teuF t ^  Ilow  min The minimum time the bus must be free before a new transmission can start
tHD; tsTA t >  tH|QH min Start condition hold time
t|_owmin 4.7jus Clock Low period
tHiGHmin 4ps Clock High period
tsu-, 1st A t >  t(_ow min Start condition setup time; only valid for repeated start code
tHD; toAT t>0/us Data hold time
tsu; Idat t >  250ns Data setup time
tR t <  1 ps Rise time of both the SDA and SCL line
tp t<  300ns Fall time of both the SDA and SCL line
tsu; tsTO t >  tLOw min Stop condition setup time

NOTE:
All the timing values refer to Vm and V|L levels with a voltage swing of Vss to V qd-

Figure 8. Timing

- V L - n T T m  / ~ m  r
START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP

CONDITION CONDITION

WF1B5

Where:
Clock tLOWmin 4 .7pS

tHIGHmin 4 MS
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1:1 (Low-to-High)
Maximum number of bytes Unrestricted
Premature termination of transfer Allowed by generation of STOP condition
Acknowledge clock bit Must be provided by the master

Figure 9. Complete Data Transfer
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ADDRESSING
Before any data is transmitted on the l2C bus, 
the device which should respond is ad
dressed first. The addressing is always done 
with the first byte transmitted after the start 
procedure.

Slave Address
The slave address for PCF8577 is shown in 
Figure 10.

I2C Bus Protocol
The PCF8577 l2C bus protocol is shown in 
Figure 11.

The PCF8577 is a slave receiver and has a 
fixed slave address (Figure 10). All PCF8577 
on the same bus acknowledge the slave 
address in parallel. The second byte is always 
the control byte and is loaded into the control 
register of each PCF8577 on the bus. Subse
quent data bytes are loaded into the segment 
registers of the selected device. Any number 
of data bytes may be loaded in one transfer 
and in an expanded system rollover of the 
SBV from 111 111 to 000 000 is allowed. If a 
stop (P) condition is given after the control 
byte acknowledge, the segment data remains 
unchanged. This allows the BANK bit to be 
toggled without changing the segment regis
ter contents. During loading of segment data, 
only the selected PCF8577 gives an acknowl-

Table 1. Segment Byte —  Segment Driver Mapping in the Direct-Drive Mode

MODE BANK V2 V1 VO
SEGMENT

BIT MSB
7 6 5 4 3 2 1 LSB

0 BACKPLANE
REGISTER

0 0 0 0 0 0 S8 S7 S6 S5 S4 S3 S2 S1 BP1

0 1 0 0 1 1 S8 S7 S6 S5 S4 S3 S2 S1 BP1

0 0 0 1 0 2 S16 S15 S14 S13 S12 S11 S10 S9 BP1

0 1 0 1 1 3 S16 S15 S14 S13 S12 S11 S10 S9 BP1

0 0 1 0 0 4 S24 S23 S22 S21 S20 S19 S18 S17 BP1

0 1 1 0 1 5 S24 S23 S22 S21 S20 S19 S18 S17 BP1

0 0 1 1 0 6 S32 S31 S30 S29 S28 S27 S26 S25 BP1

0 1 1 1 1 7 S32 S31 S30 S29 S28 S27 S26 S25 BP1

NOTES:
Mapping example: Bit 0 of Register 7 controls the LCD segment S25 if BANK bit is a logic 1.
Even bytes (BANK A) correspond to backplane 1 (BP1) and odd bytes (BANK B) correspond to backplane 2 (BP2).

I I i 1 -"T—1'~T—
0 1 1 1 0  1 0  0 

I I I-1 --J - -L .
*— SLAVE ADDRESS— 1

Figure 10. PCF8577 Slave Address

ACKNOWLEDGE BY 
ALL PCF8577

ACKNOWLEDGE BY 
ALL PCF8577

ACKNOWLEDGE BY 
SELECTED 

PCF8577 ONLY

T 1 T 1..1 T~
SLAVE ADDRESS

“ 1— I— I— I— r~
SEGMENT 

BYTE VECTOR

r i i i i i i
SEGMENT DATA

-CONTROL BYTE- f t
AUTO INCREMENT 

SEGMENT BYTE VECTOR

Figure 11. (2C Bus Protocol

edge. Loading is terminated by generating a 
stop (P) condition.

DISPLAY MEMORY MAPPING
The mapping between the eight segment 
registers and the segment outputs S1 to S32 
is shown in Tables 1 and 2.

Since only one register bit per segment is 
needed in the direct-drive mode, the BANK 
bit allows swapping of display information. If 
BANK is set to logic 0, even bytes (BANK A) 
are displayed; if BANK is set to logic 1, odd 
bytes (BANK B) are displayed. BP1 is always 
used for the backplane output in the direct- 
drive mode.
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Table 2. Segment Byte —  Segment Driver Mapping in the Duplex Mode

MODE BANK V2 V1 VO
SEGMENT

BIT MSB
7 6 5 4 3 2 1 LSB

0 BACKPLANE
REGISTER

1 X 0 0 0 0 S8 S7 S6 S5 S4 S3 S2 S1 BP1

1 X 0 0 1 1 S8 S7 S6 S5 S4 S3 S2 S1 BP2

1 X 0 1 0 2 S16 S15 S14 S13 S12 S11 S10 S9 BP1

1 X 0 1 1 3 S16 S15 S14 S13 S12 S11 S10 S9 BP2

1 X 1 0 0 4 S24 S23 S22 S21 S20 S19 S18 S17 BP1

1 X 1 0 1 5 S24 S23 S22 S21 S20 S19 S18 S17 BP2

1 X 1 1 0 6 S32 S31 S30 S29 S28 S27 S26 S25 BP1

1 X 1 1 1 7 S32 S31 S30 S29 S28 S27 S26 S25 BP2

NOTES:
X = don't care.
Mapping example: Bit 7 of Register 5 controls the LCD segment S24/BP2.
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32 OUTPUT LINES

NOTES:
1. MODE bit must always be set to 0 (direct-drive).
2. BANK switching is permitted.
3. BP1 must always be connected to Vss and AO/OSC must be connnected to either Vqd or Vss (no LCD modulation).

Figure 14. Use of PCF8577 as 32-Bit Output Expander in i2C Bus Application
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